Introduction {#Sec1}
============

The results of the DCCT and UK Prospective Study studies have shown that achieving the recommended glycemic targets reduces the morbidity in patients with diabetes mellitus (DM) \[[@CR1]--[@CR3]\]. Uncontrolled diabetes mellitus is also associated with worsening quality of life \[[@CR4]--[@CR6]\].

The diabetic medical standards defined by the American Diabetes Federation recommend a reduction in HbA1c \< 7% (\< 53 mmol/mol), which in most patients will lead to a decrease in the incidence of microvascular complications. In some patients, especially those with short-term diabetes, long life expectancy, and no cardiovascular disease, more stringent treatment goals, such as \< 6.5%, can be proposed if these can be achieved without hypoglycemia or other adverse treatment consequences. Conversely, higher than recommended HbA1c values, e.g., \< 8.0% or even slightly higher, may be tolerated on an individual basis in patients with a history of severe hypoglycemia, advanced micro- and macrovascular complications, low expected survival periods, or where better results cannot be achieved despite maximum care including extensive education, sufficient self-monitoring of glycemia, and use of combined treatment with available preparations, including insulin \[[@CR7]\]. These recommendations are also supported in the case of type 2 diabetes mellitus by the consensual views of the European Association for the Study of Diabetes and the American Diabetes Association \[[@CR8]\].

However, despite the continuously improving treatment options, many patients still do not achieve the recommended treatment goals. The results of the recently published multinational cross-sectional study, carried out in seven countries of the European Union and Turkey between 2009 and 2010 in patients with type 2 diabetes mellitus (T2DM), showed the mean (SD) HbA1c of the total patient population was 6.9% (± 1.1%) and 37.4% of patients had HbA1c ≥ 7%. The proportion of patients with HbA1c ≥ 7% ranged from 25.9% in The Netherlands to 36.3% in Germany to 52.0% in Turkey \[[@CR9]\].

The only published cross-sectional multinational study published to date from the Central and Eastern European region, carried out between 2006 and 2007, showed that only a minority of diabetic patients \[13.1% for type 1 diabetes (T1DM) and 21.4% for type 2 diabetes mellitus\] had reached the then defined treatment goals (HbA1c \< 6.5%), with an average attained HbA1c value of 8.2% for T1DM and 7.7% for T2DM \[[@CR10]\]. However, neither of the above-mentioned studies investigated the extent to which treatment targets were achieved specifically in patients with T2DM treated with insulin.

The results of the NHANES analysis conducted on data from 2005--2012 in the USA showed that an HbA1c value \< 7% was reached by 31.4% of patients and \< 8% value by 61.7% of patients treated with insulin, however, regardless of the type of diabetes. Therefore, this study does not indicate the extent to which treatment targets have been achieved specifically in patients with T2DM treated with insulin \[[@CR11]\].

The aim of the DIAINFORM study was thus to verify glycemic control measured by HbA1c values separately in patients with T1DM and in patients with T2DM treated with at least one daily insulin injection. Concurrently, it aimed to describe the factors that could influence this control and to determine the quality of life of the patients with the intention to provide guidance on potential future policies to improve the care of these patients. The data analysis presented here describes the current rate of achieving the HbA1c target values and evaluates the progress of HbA1c values over the previous 3 years.

Methods {#Sec2}
=======

Study Design {#Sec3}
------------

Detailed information about the DIAINFORM study design has been previously reported \[[@CR12]\]. The study aims to evaluate glycemic control as measured by HbA1c in T1DM and T2DM patients treated with at least one insulin injection daily and to describe factors affecting the achievement of this control. The study enrolled patients from 141 study centers in the Czech Republic and Slovak Republic.

Study Population {#Sec4}
----------------

The study was carried out between 2 January 2015 and 14 April 2016. The inclusion criteria were T1DM or T2DM, patients aged \> 18 years, treatment with at least one insulin injection daily for \> 1 year (to allow enough time for insulin titration), willingness to fill in the study questionnaires, and a signed patient informed consent form. The exclusion criteria were insulin therapy for \< 12 months, current insulin pump therapy or the use of this treatment in the last 12 months, unavailability of the Hb1Ac test results in the last 3 months before the V1, pregnancy, inability to be present at the follow-up visit, inability to complete the study questionnaires, and participation in another clinical study within the last 3 months.

Compliance with Ethics Guidelines {#Sec5}
---------------------------------

All study procedures were carried out in accordance with the International Conference on Harmonisation/Good Clinical Practice, and the final study protocol was approved by the Ethics Committee of the National Institute of Endocrinology and Diabetology in Lubochna, Slovak Republic (approval date 4 February 2015). All participants provided written informed consent.

Insulins Involved in the Study {#Sec6}
------------------------------

None of the insulins available in the Czech Republic during the study period were excluded. The basal insulins included an intermediate-acting insulin (neutral protamine Hagedorn, NPH) and long-acting insulin analogs (glargine 100 U/ml, detemir, and in the Slovak Republic also deglutec). The short-acting insulin was recombinant human insulin, and fast-acting insulins included insulin analogs (aspart, glulisin, and lispro). Premixed insulin preparations were the proportionate mixtures of a short- or fast-acting insulin and intermediate-acting insulins (in proportions of 25/75, 30/70 and 50/50) produced commercially by Eli Lilly, Novo Nordisk, or Sanofi.

Outcomes {#Sec7}
--------

The primary objective was to determine the prevalence of diabetes patients achieving HbA1c \< 7.0% (53 mmol/mol) as obtained in the enrollment visit (V1). The secondary objective was to determine HbA1c values during the period of 3 years prior to V1.

Data Collection {#Sec8}
---------------

Patients were enrolled into the study consecutively; at the end of the study, the recruitment of patients with type 2 diabetes mellitus was controlled so that the proportion of patients between individual regimens corresponded to their estimated population number. The maximum number of patients per center was 14. HbA1c values were listed by a physician from medical records. The current value of HbA1c at V1 was the last value obtained over the previous 3 months.

Statistical Methods {#Sec9}
-------------------

The primary objective of the study was to separately determine the prevalence of insulin-treated diabetic patients with HbA1c levels \< 7.0% (53 mmol/mol) in patients with type 1 and type 2 diabetes. The prevalence was calculated as a percentage of the patients with HbA1c levels \< 7.0% (obtained at V1) accompanied by a two-sided 95% Wilson score confidence interval. HbA1c values during the period of the previous 3 years and current HbA1c values at visit 1 were analyzed via descriptive statistics for numerical variables (mean, standard deviation, median, upper and lower quartiles, minimum, maximum) and accompanied by a profile figure (mean profile for each group).

Study Interventions {#Sec10}
-------------------

The study was non-interventional.

Results {#Sec11}
=======

Study Sample {#Sec12}
------------

A total of 1508 patients were enrolled in the study with the final eligible population consisting of 1459 patients, of which 425 had T1DM and 1034 T2DM. Among patients with T2DM, 242 (23.4%) were treated with the regimens of two doses of premixed insulin, 320 (31.0%) with basal insulin and oral antidiabetic drugs (OADs), and 448 (43.3%) with multiple daily insulin doses (MDI). The number of patients treated with a regimen other than the above-mentioned ones was low (*n* = 24), so we did not include this group in the evaluation. An overview of patient, disease, and treatment characteristics for the total sample is shown in Table [1](#Tab1){ref-type="table"}.Table 1Patient characteristicsType of diabetesDM 1DM 2*N*4251034 Males237 (55.8%)520 (50.3%) Females188 (44.2%)514 (49.7%)Demography and physical measurements Age (years)45.9 ± 14.863.9 ± 9.7 Height (cm)172.7 ± 9.0170.0 ± 9.3 Weight (kg)77.4 ± 15.689.8 ± 16.8 BMI (kg/m^2^)25.8 ± 4.231.0 ± 5.2 Systolic BP (mmHg)128.3 ± 16.3137.6 ± 15.6 Diastolic BP (mmHg)76.0 ± 9.378.0 ± 9.0 Pulse rate (bpm)74.5 ± 9.575.3 ± 9.0Diabetic medical history Duration of DM (years)12.1 ± 9.412.4 ± 7.5 Duration of OAD treatment (years)--9.7 ± 6.3 Duration of insulin treatment (years)11.7 ± 9.45.8 ± 4.7 Insulin dose (IU/kg/day)0.6 ± 0.20.50 ± 0.3Diabetic retinopathy110 (25.9%)287 (27.8%)Diabetic nephropathy59 (13.9%)229 (22.1%)Diabetic neuropathy153 (36.0%)374 (36.2%)Laboratory HbA1c (mmol/mol)62.3 ± 15.160.2 ± 14.1 FPG (mmol/l)8.1 ± 3.37.8 ± 2.6 TAG (mmol/l)1.1 ± 0.71.9 ± 1.3 Total cholesterol (mmol/l)4.8 ± 1.44.6 ± 1.1 HDL cholesterol (mmol/l)1.6 ± 0.61.3 ± 0.4 LDL cholesterol (mmol/l)2.7 ± 0.82.7 ± 1.0 Uric acid (μmol/l)259.0 ± 81.7327.8 ± 88.7 Creatinine (μmol/l)77.2 ± 39.888.4 ± 49.3 TSH (mIU/l)2.6 ± 4.62.5 ± 1.9

Level of Glycemic Control {#Sec13}
-------------------------

The proportion of patients with type 1 diabetes mellitus with HbA1c values \< 7% (53 mmol/mol) was 29.9% (95% CI 25.73--34.40). The proportions of patients divided according to the HbA1c values for the whole set and separately for the Czech and Slovak Republics are listed in Fig. [1](#Fig1){ref-type="fig"}. The average HbA1c value (SD) in the whole set was 7.9 (1.9) % \[62.3 (15.14) mmol/mol\]; the average fasting plasma glucose value (SD) in type 1 diabetes patients was 8.1 ± 3.3 mmol/l and in type 2 diabetes was 7.8 ± 2.6 mmol/l.Fig. 1Proportion of patients with type 1 diabetes according to HbA1c value in the 3 months prior to the study

The proportion of patients with type 2 diabetes mellitus with HbA1c values \< 7% (53 mmol/mol) was 33.4% (95% CI 30.56--36.30). The proportions of patients divided according to the HbA1c values for the whole set and separately for the Czech Republic and the Slovak Republic are listed in Fig. [2](#Fig2){ref-type="fig"}. The average HbA1c value (SD) in the whole set was 7.7 (1.8) % \[60.2 (14.05) mmol/mol\].Fig. 2Proportion of patients with type 2 diabetes according to HbA1c value in the 3 months prior to the study

The proportion of patients with type 2 diabetes mellitus with HbA1c values \< 7% (53 mmol/mol) treated with two doses of premixed insulin was 31.0% (95% CI 25.50--37.08), treated with basal insulin and OADs was 35.9% (30.88--41.33), and treated with MDI was 31.9% (27.77--36.37).

Mean Insulin Dose {#Sec14}
-----------------

The mean insulin dose in T1DM patients was 0.59 (0.22) IU/kg/day and in T2DM patients was 0.50 (0.28) IU/kg/day. The mean insulin dose in the group of patients treated with basal insulin and OADs was 0.28 (0.17), in those treated with premixed insulin 0.50 (0.21) and in those treated with MDI 0.65 (0.27) IU/kg/day.

The Development of HbA1c Values over the 3 Years Prior the Study {#Sec15}
----------------------------------------------------------------

In T1DM patients, the mean HbA1c value (SD) in the 33--36-month period prior to the study visit was 8.1 (2.1) % \[64.8 (17.27) mmol/mol\]. The difference between this value and the average value during a study visit was 0.2% (2.4 mmol/mol).

In T2DM patients, the mean HbA1c value (SD) in the 33--36-month period prior to the study visit was 7.9 (2.1) % \[63.0 (14.52) mmol/mol\]. The difference between this value and the average value during a study visit was 0.2% (2.8 mmol/mol). Average HbA1c values in each 3-month period during the 3 years prior to the study visit in patients with both types of diabetes are shown in Fig. [3](#Fig3){ref-type="fig"}.Fig. 3Development of HbA1c values in type 1 and type 2 diabetes patients over the 3 years prior to the study

Discussion {#Sec16}
==========

The DIAINFORM study provides important data showing the level of metabolic control in patients with T1DM and T2DM treated with insulin in the Czech and Slovak Republics. The mean HbA1c value in patients with T1DM in the DEPAC study \[[@CR7]\], which was carried out approximately 10 years earlier in the EU accession countries including the Czech Republic and Slovak Republics, was 8.2% (66 mmol/mol), the proportion of patients with HbA1c \< 7% (53 mmmol/mol) was 23.9%, and the proportion of patients with HbA1c ≥ 8% (64 mmol/mol) was 48.2%. These data suggest an improvement in the level of metabolic control up to the present time. However, the comparison is distorted by the fact that only values from the eight countries together are available from the DEPAC study. It can be speculated that this improvement in metabolic control could be caused by higher levels of education, more frequent self-monitoring of glycemia due to the decrease in test strip prices resulting in their wider availability, and perhaps also the new types of insulin, especially long-acting insulin analogs, which were less available at the time of the above-mentioned DEPAC study. However, more research is needed before any definitive statement can be made.

The comparison of our results in T2DM patients is even more complicated as similar studies are not available. In the DEPAC study, insulin-treated patients were not analyzed individually, and the mean HbA1c value in all patients without treatment difference was 7.7% (60.7 mmol/mol) and therefore similar to that in our study. The proportion of patients with HbA1c \< 7% (53 mmmol/mol) was 36.7%, i.e., only slightly higher than our data results, and the proportion of patients with HbA1c ≥ 8% (64 mmol/mol) was 37.6%, i.e., higher than in our study. Comparing such differing sets is difficult, especially if we know that the proportion of insulin-treated patients was only 14.3% in the DEPAC study. However, given that in most patients who have been treated with insulin, which is the last-choice drug, the achievement of HbA1c target values is usually the most complicated, and it can be speculated that even here metabolic control is likely to have improved.

Similarly, we could interpret one of the results of the PANORAMA study \[[@CR6]\] in which a group of patients with T2DM treated with insulin and/or GLP-1 analog was individually analyzed; the proportion of patients with HbA1c \< 7% (53 mmmol/mol) was 36.1%, similar to what our study has shown.

Analysis of the NHANES registry data for the 2005--2012 period showed that the proportion of patients treated only with insulin with HbA1c \< 7% (53 mmmol/mol) was 31.4%, i.e., similar or just slightly worse than our results. However, the analysis in this study was not carried out individually for patients with T1DM and T2DM, so this comparison also has its limitations. The proportions of patients with HbA1c \< 7% (53 mmmol/mol) in the subgroups treated with MDI, two doses of mixed insulin, and the combination of basal insulin and OADs did not differ significantly. One of the reasons why, unlike in clinical studies, more patients did not reach the HbA1c recommended values could be that the average therapeutic dose of insulin was lower in our study than in a number of other studies \[[@CR13], [@CR14], [@CR15]\]. This difference reflects the genuine possibilities of real clinical practice as opposed to clinical studies, where the usual patient care is extended by a precise protocol, extended education, sufficient amount of test strips, telephone consultations, etc. Of course, the fear of hypoglycemia may also play a role in increasing the dose, which is true for both the patient and the physician \[[@CR16]\].

The analysis of the development of HbA1c values over the last 3 years produced an interesting result, showing that there has been no clinically significant improvement of metabolic control in either T1DM or T2DM during this time. It seems to be clear, therefore, that there is a high degree of clinical inertia in both patient groups, probably due to common factors on both the physician's and patient's side, as well as in the medical system \[[@CR17]\].

The rate of achievement of target values in patients with T1DM and T2DM treated with insulin is unsatisfactory in the Czech and Slovak Republics. However, based on an indirect comparison with several similar studies, it does not seem to be worse than in other countries in which such types of data are available.

What can we do for those who do not achieve the target values? We should definitely try harder to uncover the real barriers to controlling their diabetes and offer them related education or treatment. These may range from simple insulin injection technique mistakes to a lack of knowledge regarding insulin titration and hypoglycemia prevention to complicated psychologic issues. The newest therapeutical drugs and instruments designed for the treatment of diabetes are available in both republics, and these should be used when appropriate.

There are some limitations to consider in this study. First, the number of patients is lower than usually presented in "register studies," but it was carefully calculated prior to beginning our study; the study protocol was developed through a peer-review process \[[@CR8]\]. Second, illiterate patients or those otherwise unable or not willing to complete a questionnaire were excluded, which could cause a population bias. Nevertheless, we believe that our study provides relevant and valuable results.

Conclusion {#Sec17}
==========

The DIAINFORM study provided real-world data showing that the overall percentage of patients with HbA1c \< 53 mmol/mol in the T1DM group was 29.9% and in the T2DM group was 33.4%. Despite an increasing number of treatment options, most patients still fail to reach the recommended HbA1c targets.
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